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3 ( Class3 )






$\nabla^{2}\phi_{u}=0, -h_{u}+\eta\iota<z<\eta_{u}$ , (la)
$\nabla^{2}\phi_{l}=0, -h_{u}-h_{l}<z<-h_{u}+\eta_{l}$ , (lb)
$\eta_{u,t}+\eta_{u,x}\phi_{u,x}-\phi_{u,z}=0, z=\eta_{u}$, (lc)
$\phi_{u,t}+\frac{1}{2}(\phi_{u,x}^{2}+\phi_{u,z}^{2})+g\eta_{u}=0, z=\eta_{u}$ , (ld)
$\eta_{l,t}+\eta_{l,x}\phi_{u,x}-\phi_{u,z}=0, z=-h_{u}+\eta\iota$, (le)
$\eta_{l,t}+\eta_{l,x}\phi_{l,x}-\phi_{l,z}=0, z=-h_{u}+\eta_{l}$ , (lf)
$\rho_{u}[\phi_{u,t}+\frac{1}{2}(\phi_{u,x}^{2}+\phi_{u,z}^{2})+g\eta\iota]-\rho_{l}[\phi_{l,t}+\frac{1}{2}(\phi_{l,x}^{2}+\phi_{l,z}^{2})+g\eta_{l}]=0, (lg)$




$h_{l}$ $\phi_{u}(x, z, t)$ ,
$\phi_{l}(x, z, t)$ $\eta_{u}(x, t),$ $\eta_{l}(x, t)$
( $\eta_{u,t}$
$\eta_{u}$






$\eta_{u}=ae^{i(kx-\omega t)}, \eta_{l}=be^{i(kx-\omega t)}, b=[\cosh kh_{u}-\frac{gk}{\omega^{2}}\sinh kh_{u}]a$ . (2a)
$\phi_{u}=(Ae^{kz}+Be^{-kz})e^{i(kx-\omega t)}, \emptyset\iota=(Ce^{kz}+De^{-kz})e^{i(kx-\omega t)}$ , (2b)
$A=- \frac{ia}{2}(\frac{\omega}{k}+\frac{g}{\omega})e^{-kh_{u}}, B=\frac{ia}{2}(\frac{\omega}{k}-\frac{g}{\omega})e^{kh_{u}}$ , (2c)







$T_{u}=\tanh kh_{u},$ $T_{l}=\tanh kh_{l},$
$R=\rho_{u}/\rho_{l}$ . (3)
$\omega$ 2
1 $k$ 4 $\pm\omega_{s},$ $\pm\omega_{i}$
$(\omega_{s}>\omega_{i})$ . $\pm\omega_{s}$ $k$
$\eta_{u}$ $|a|$ $\eta_{l}$
$|b|$
2: $(R=080, h_{u}=10, h_{l}=20)$
$\pm\omega_{i}$ } $|b|$
$|a|$




$k_{1}\pm k_{2}\pm k_{3}=0$ $\omega_{1}\pm\omega_{2}\pm\omega_{3}=0$ , (4)
$\omega=\sqrt{gk\tanh kh}$ (4) 4
[3]
$\omega=\sqrt{(gk+\tau k^{3}}/\rho$) $\tanh kh
(4) ( $\tau$ ). [4]
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$\phi_{u}^{S}(x, t)$ $\psi^{I}(x, t)$
$\phi_{u}^{S}(x, t)\equiv\phi_{u}(x, \eta_{u}(x, t), t)$ , (5a)
$\phi_{u}^{I}(x, t)\equiv\phi_{u}(x, -h_{u}+\eta_{l}(x, t), t) , \phi_{l}^{I}(x,t)\equiv\phi_{u}(x, -h_{u}+\eta_{l}(x, t), t)$ , (5b)
$\psi^{I}(x, t)\equiv\phi_{l}^{I}(x, t)-R\phi_{u}^{I}(x, t)$ . (5c)
(1) $\eta_{u},$ $\phi_{u}^{S},$ $\eta\iota,$ $\psi^{I}$
:
$\eta_{u,t}=-\eta_{u,x}\phi_{u,x}^{S}+(1+\eta_{u,x}^{2})\phi_{u,z},$ $z=\eta_{u}$ , (6a)
$\phi_{u,t}^{S}=-g\eta_{u}-\frac{1}{2}(\phi_{u,x}^{S})^{2}+\frac{1}{2}(1+\eta_{u,x}^{2})\phi_{u,z}^{2},$ $z=\eta_{u}$ , (6b)
$\eta_{l,t}=-\eta_{l,x}\phi_{u,x}^{I}+(1+\eta_{l,x}^{2})\phi_{u,z},$ $z=-h_{u}+\eta_{l}$ , (6c)
$\psi_{t}^{I}=\frac{1}{2}[R(\phi_{u,x}^{I})^{2}-(\phi_{l,x}^{I})^{2}]+\frac{1}{2}(1+\eta_{l,x}^{2})(\phi_{l,z}^{2}-R\phi_{u,z}^{2})-g\eta_{l}(1-R)$, $z=-h_{u}+\eta_{l}$ . (6d)













3 1 ( 2
) (6) 4
$\rho_{l}=1$ , $h_{u}=1$ $g=1$
3.2 3
3 (Class3) 3 $h_{l}=2$ , $R=0.8$
Class3





$k_{s2}=k_{s1}+k_{i},$ $\omega_{s2}=\omega_{s1}+\omega_{i}$ 2 1
$\eta_{u}$ $a_{s1},$ $a_{s2},$ $a_{i}$
$\frac{da_{s1}}{dt}=i\gamma_{1}a_{s2}a_{i}^{*}, \frac{da_{s2}}{dt}=i\gamma_{2}a_{s1}a_{i}, \frac{da_{i}}{dt}=i\gamma_{3}a_{s1}^{*}a_{s2}$ (S)
$*$




$R=0.8$ $k_{s1}=2.3,$ $k_{s2}=3.4,$ $k_{i}=1.1$
$\gamma_{1}=-10.4,$ $\gamma_{2}=-8.5,$ $\gamma_{3}=-4.7\cross 10^{-2}$
$k_{S1}$
(8) $t=0$ $a_{i}=0$
$a_{s1},$ $a_{s2}\approx$ const., 3: $(R=0.80,h_{u}=1.0, h_{l}=2.0)$
$|a_{I}|\sim\gamma_{3}|a_{s1}a_{s2}|t$
4 $|a_{I}|$ $t$ $|a_{I}|$
$t$ $a_{s1}=a_{s2}=0.0025$ ,0.005, 0.01






4: ( ) 5: 3 $(a_{s}=0.01)$





$S_{s}(k)$ , Si $(k)$ :
$S_{s}(k)=A( \frac{k}{k_{p}})^{-3}\exp[-\frac{5}{4}(\frac{k}{k_{p}})^{-2}] (k>0), S_{s}(k)=0 (k<0)$, (9a)





(9) $\eta_{u},$ $\phi_{u}^{S},$ $\eta_{l},$ $\psi^{I}$
$h_{l}=2,$ $R=0.8$
$\eta_{u}(x)$ rms. $1.6\cross 10^{-2}$
$t=1000T_{p}$ $T_{p}$ $k_{p}$
$|k|\leq 35(=10k_{p})$ $n=2^{18}$
aliasing 174,760 $(=(n/3-1)\cross 2)$
3
$\Delta k$ $\Delta k=0.1$
$\triangle k$ 750
Dell Optiplex3010 (Intel Core i7-37703.$4GHz$) $n=2^{18}$
1 ( $=4$ 4 ) 3.0
$\Delta t=T_{p}/100$ 1000 99.7%
4.2





$\eta_{u}(x),$ $\phi_{u}^{S}(x),$ $\eta_{l}(x),$ $\psi^{I}(x)$ (2)
$k$ 4 $\hat{\eta}_{u}(k),\hat{\phi}_{u}^{S}(k)$ ,





$\eta_{u}$ $a_{k}$ , $\eta_{l}$ $b_{k}$ $(cf.(2))$ ,
$E_{k}$ ( )
$E_{k}= \frac{1}{2}(\rho_{l}-\rho_{u})gb_{k}^{2}+\frac{1}{2}\rho_{u}ga_{k}^{2}$ (10)
$\eta_{u}(x),$ $\phi_{u}^{S}(x),$ $\eta_{l}(x),$ $\psi^{I}(x)$
$k$ ( or )
$S_{s}(k)$ , Si $(k)$
4.3


















7 $R=0.8,$ $h_{l}=2$ Class3 2
$R=0.94$ $R=0.8,$
$h_{l}=2$ Class3 $k_{s}$ $k_{S}>1.79$
$k_{S}<1.79$







7: $(h_{l}=2, R=0.80,0.94)$ $2, R=0.8)$
$k_{s1}$ $k_{s2}$ $k_{s2}=k_{s1}+\Delta k$ Class3 $k_{s2}=k_{s1}+k_{i}$
$k_{i}=\Delta k$ , $\omega_{s2}=\omega_{s1}+\omega_{i}$ $k_{crit}$
$\triangle karrow 0$
$\frac{d\omega s(k)}{dk}=\lim_{\Delta karrow 0}\frac{\omega_{I}(\Delta k)}{\Delta k}$ , (11)




7 $R=0.94,$ $h_{l}=2$ $k_{crit}=6.17$
(9)
9
$S_{s}(k)$ 500 $k_{crit}\approx 6$
6( ) $R=0.8$
$R=1.0$ ,


































































2. Class3 $S_{S}(k)$ $S_{i}(k)$
kinetic equation $\ovalbox{\tt\small REJECT}$
$\frac{dS_{s}(k)}{dt}=\int\int[U^{(1)}S_{s1}S_{i2}-U^{(2)}S_{s0}S_{i2}-U^{(3)}S_{s0}S_{s1}]\delta_{s0-s1-i2}^{k}\delta_{s0-s1-i2}^{\omega}dk_{1,2},$
$- \iint[V^{(1)}S_{s0}S_{i2}-V^{(2)}S_{s1}S_{i2}-V^{(3)}S_{s0}S_{s1}]\delta_{s0-s1+i2}^{k}\delta_{s0-s1+i2}^{\omega}dk_{1,2}$ , (12a)
$\frac{dS_{i}(k)}{dt}=\iint[W^{(1)}S_{i0}S_{s2}-W^{(2)}S_{s1}S_{i0}-W^{(3)}S_{s1}S_{s2}]\delta_{i0-s1+s2}^{k}\delta_{i0-s1+s2}^{\omega}dk_{1,2}$ , (12b)




$k$ $S_{S}(k),$ $S_{I}(k)$ $k$
3 $U,$ $V,$ $W$ (8) $\gamma_{i}$
1 1 1
(4)
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